This study investigated the effects of different doses of epidural fentanyl on the time to onset of epidural analgesia in women in early labour. We hypothesised that onset of epidural labour analgesia (the primary outcome defined as time in minutes from completion of epidural bolus to the first uterine contraction with a numeric pain rating scale [NPRS] score ≤ 3) would be faster with 100 lg of fentanyl epidural bolus compared with 20 lg or 50 lg. Epidural labour analgesia was initiated with 20 lg of fentanyl (F20 group), 50 lg (F50 group) or 100 lg (F100 group) along with 10 ml bupivacaine 0.08% as the loading dose. We randomly allocated 105 patients, with 35 patients in each group. Median (IQR [range]) time to achieve NPRS ≤ 3 was 18 (11-30 [6-20]) min in F20, 10 (8-19 [4-30]) min in F50 and 10 (6-16 [3-30]) min in F100 groups. There was a significant difference in onset times comparing F100 with F20 (p < 0.001) and F50 with F20 (p = 0.007), but not significantly different comparing F100 with F50 (p = 0.19). The median (IQR [range]) time from the epidural loading dose to first patient controlled epidural analgesia bolus was 61 min (20-165 [20-420]) in F20, 118 min (66-176 [20-396]) in F50 and 150 min (66-214 [30-764]) in F100 groups. This was not statistically significant (p = 0.16) comparing the F20 with the F100 group. There were no significant differences in maternal side-effects, mode of delivery, patient satisfaction scores or neonatal Apgar scores between all groups. We conclude that the 50 lg and 100 lg fentanyl doses were associated with reduced onset times to effective analgesia compared with the 20 lg dose.
Introduction
Epidural analgesia using local anaesthetic solutions combined with opioids is commonly used for relief of labour pain. Low concentration local anaesthetic solutions with opioids have been shown to reduce motor block without compromising labour analgesia [1, 2] . However, onset of analgesia can be delayed. There is some evidence that the addition of a fentanyl bolus at initiation of labour epidural analgesia can improve the onset and quality of analgesia and decrease motor block [3] [4] [5] .
Previous studies looking at the onset of labour analgesia have used higher concentrations of local anaesthetic (ropivacaine 0.17% or bupivacaine 0.125%) with differing doses of fentanyl (0-100 lg) [3, 4] . Bang et al., in their study of women in early labour, added increasing doses of epidural fentanyl to ropivacaine 0.17% [3] . They found that higher doses of fentanyl reduced the time to onset and increased the duration of labour epidural analgesia following a loading dose. However, all patients included in their study were from an Asian population and so they may differ in their response to opioids from non-Asian population groups [6] .
In our tertiary care hospital in North America (with an average of 6000 deliveries per year), we use bupivacaine 0.08% solution premixed with 2 lg.ml À1 fentanyl for labour epidural analgesia. We conducted a dose-comparison study to evaluate the onset of epidural labour analgesia using low-dose bupivacaine 0.08% with varying doses of fentanyl (20 lg, 50 lg or 100 lg) in the epidural loading dose. Our hypothesis was that the onset of epidural labour analgesia would be faster with the 100-lg fentanyl epidural bolus compared with the 20 lg and 50 lg boluses.
Methods
Ethical approval was obtained from the local Health Sciences Research Ethics Board at Western University. Written informed consent was obtained from all patients. Pregnant women over the age of 18 years, who requested epidural analgesia for labour were screened for eligibility by a study investigator not involved in subsequent patient care. Inclusion criteria were: patients ASA physical status 1 or 2; early labour (cervical dilation 5 cm or less); singleton fetus; gestational age > 36 weeks; and normal fetal heart rate (FHR) tracing. Exclusion criteria included: severe preeclampsia; antepartum haemorrhage; ASA 3 or more; chronic pain; substance abuse; non-English speaking; contraindications to epidural analgesia; allergies to local anaesthetics or fentanyl; body mass index (BMI) over 40; and previous administration of opioid analgesia within 24 h. Patients were randomly allocated into three groups by a computer-generated algorithm. The F20 group received 20 lg of fentanyl, the F50 group received 50 lg of fentanyl and the F100 group received 100 lg of fentanyl in the epidural loading dose. The randomisation codes were concealed in sequentially numbered sealed opaque envelopes which were opened by a study investigator not involved in patient care, immediately before epidural insertion. This study was double-blinded -both patients and caregivers were unaware of group allocation.
Our hospital pharmacy supplies pre-mixed labour epidural solutions containing bupivacaine 0.08% with 2 lg of fentanyl per ml. Fentanyl is supplied as a 2-ml ampoule containing 50 lg of fentanyl per ml. The F20 group received 10 ml of bupivacaine 0.08% (containing 20 lg fentanyl) and 1.6 ml of saline. The F50 group received 10 ml of bupivacaine 0.08% (containing 20 lg of fentanyl) and 30 lg of fentanyl made up to 1.6 ml with saline. The F100 group received 10 ml bupivacaine 0.08% (containing 20 lg of fentanyl) and 80 lg of fentanyl in 1.6 ml. The study solution for the epidural loading dose was prepared by the study investigator who opened the randomisation envelope and was not involved in patient care or data collection.
Before epidural insertion, all patients had an intravenous (i.v.) cannula sited. Women were placed in the sitting position. An anaesthetist, who was either a consultant or trainee with at least 2 years of experience in anaesthesia, and blinded to allocation, performed the epidural. A 19-gauge epidural catheter (Arrow FlexTip Plus â , Arrow International, Reading, PA, USA) fixed at 5 cm in the epidural space, at the L2-L3 or L3-L4 interspace, was inserted via a 17-gauge Tuohy epidural needle using loss of resistance technique to air or saline, depending on the anaesthetist's preference. Women were then placed supine with left uterine displacement. After aspiration of the epidural catheter to check for blood or cerebrospinal fluid, women were given a 3-ml test dose of lignocaine 2% with 1:200,000 adrenaline. Maternal blood pressure, maternal heart rate, SpO 2 and FHR were continuously monitored. If there were no untoward effects after 5 min, then they were given the study solution as a loading dose. The epidural maintenance infusion on the patient-controlled epidural analgesia (PCEA) pump was started immediately after administration of the epidural loading dose by the anaesthetist performing the epidural. The epidural infusion rate was programmed at 8 ml.h À1 , bolus dose was set at 4 ml with a lockout interval of 20 min. A second study investigator, blinded to patient group assignment, collected data.
Numeric pain rating scale (NPRS) scores, where 0 = no pain and 10 = the worst pain imaginable, were checked with every contraction after placement of the epidural. We defined the onset of analgesia as the time from the completion of initial epidural loading dose to achieving successful analgesia, defined as a NPRS score of 3 or less [7] .
Sensory block, motor block and maternal sideeffects such as pruritus, sedation, hypotension, motor block and nausea were recorded at 5-min intervals for 30 min. Sensory block height was recorded using ice and checking the sensory level to which the patient reported feeling 'ice cold'. Motor block was assessed using a modified Bromage score (0 = ability to move hips, ankles, and knees; 1 = inability to raise extended leg; 2 = inability to flex knee; and 3 = inability to flex ankle, foot or knee). Pruritus and nausea were measured using a 4-point scale (0 is none; 1 is mild; 2 is moderate; and 3 is severe). Maternal sedation was measured using a 5-point scale (0 is wide awake; 1 is mildly drowsy; 2 is very drowsy; 3 is asleep but rousable; and 4 is somnolent). Patient satisfaction of epidural labour analgesia at 30 min was measured using a 5-point scale (0 is completely dissatisfied; 1 is somewhat dissatisfied; 2 is neutral; 3 is somewhat satisfied; and 4 is completely satisfied). Hypotension was defined as a decrease in systolic blood pressure by 30% or more from the pre-epidural value, or less than 90 mmHg, and was treated with i.v. ephedrine.
We recorded the incidence of fetal bradycardia at any time after initiation of epidural bolus dose during labour and also specifically evaluated those events that occurred within 2 h of the fentanyl bolus (as we felt bradycardia occurring 2 or more hours after the fentanyl bolus would be less likely to be due to the fentanyl bolus). Fetal heart rate was assessed by nurses blinded to group assignment. This is a standard outcome measure defined at our institution as a FHR less than 100 beats.min À1 lasting more than 60 s at any time during labour. We also recorded: the time from completion of initial epidural injection to delivery; type of delivery; fetal birth weight; Apgar scores at 1 and 5 min; and if breastfeeding was established within 24 h. The primary outcome of this study was the time to achieve effective analgesia, defined as the time in minutes from completion of epidural bolus to uterine contraction with a verbal NPRS score ≤ 3/10. Secondary outcomes included: incidence of failed analgesia; sensory block height; motor block; maternal sideeffects (pruritus, nausea, hypotension and maternal sedation); time from completion of epidural bolus to use of PCEA demand dose; patient satisfaction; and type of delivery. Other secondary outcomes included: fetal bradycardia; fetal outcomes (birth weight and Apgar scores); and establishment of breast feeding within 24 h.
A pilot study was performed to evaluate time to effective analgesia (NPRS ≤ 3) in 20 patients, with 10 patients receiving 20 lg of fentanyl and 10 receiving 100 lg of fentanyl, all with 10 ml bupivacaine 0.08% for the epidural loading dose. This showed standard deviations (SD) for the times to analgesia of 3.4 min (20 lg of fentanyl) and 4.0 min (100 lg of fentanyl) similar to the SDs described by Bang et al. [3] . Of the three comparisons planned in our trial (F20 vs. F100, F20 vs. F50 and F50 vs. F100), we were most interested in the first, that is, F20 vs. F100. As our lowest dose of fentanyl was 20 lg (and not 0 lg, as described by Bang et al.), we expected the contrast between the two groups to be lower than the findings of Bang et al. [3] . We, therefore, based the sample size for this trial on an expected contrast for this comparison of 4 min in the 'time-to-analgesia' (defined as NPRS ≤ 3) between the F100 group and the F20 group. The SD used was 5 and beta was 0.2. Since three comparisons were planned, the alpha value used in the sample size calculation was 0.05/3. This gave a per-group sample size of 35 patients, for a total of 105 patients. The primary outcome, onset of analgesia, was analysed using Cox regression with time to onset of NPRS ≤ 3 as the event. Since the event was a desirable outcome, a hazard ratio (HR) > 1 indicates a faster time to onset of analgesia in the tested group compared with the reference group. Categorical secondary outcomes were analysed using Fisher's exact test. Normally distributed continuous secondary outcomes were analysed using ttests, while non-normally distributed secondary outcomes were analysed using the Kruskal-Wallis test. Statistical significance was declared when p < 0.05. Stata version 13 (Stata Corp, College Station, TX, USA) was used for analysis.
Results
A total of 129 patients were approached for the study between December 2013 and October 2014 and 105 (35 in each group) were randomly allocated (Fig. 1) . No losses to follow up occurred. There was one ASA 3 patient enrolled in the study, which was a protocol violation. Two patients had episodes of fetal bradycardia before epidural analgesia request, but this was not communicated to the anaesthesia team and they were recruited into the study. All randomly allocated patients were included in the analysis with intentionto-treat. The baseline characteristics including maternal demographic data, BMI, gestational age, parity, cervical dilatation, ASA status and initial NPRS scores for the three groups are shown in Table 1 . Patients who received fentanyl bolus doses of 50 lg and 100 lg (F50 and F100 groups) had significantly faster onset of analgesia (NPRS ≤ 3), compared with patients who had 20 lg of fentanyl (F20 group). This difference was statistically significant when comparing the F20 and F50 groups (hazard ratio [HR] 2.1 [95%CI 1.2-3.5, p = 0.007] for the F50 group compared with the F20 group) and also when comparing the F20 and F100 groups (HR 2.8 [95%CI 1.7-4.8, p < 0.001] for the F100 group compared with the F20 group) (Fig. 2) . There was no significant difference between patients in the F50 and F100 groups in terms of time to NPRS ≤ 3 (p = 0.19). The incidence of failure to reach NPRS ≤ 3 in the first 30 min after the bolus dose was higher in the F20 group compared with the F50 and F100 groups ( Table 2 ). The time taken for the NPRS score to decrease by a value of 2 from the initial pain score was not statistically significant when comparing the F20 and F100 groups (p = 0.49, Table 2 ).
The highest sensory block within the first 30 min of the epidural bolus was similar in all three groups (Table 2 ). In terms of adverse events, there were no differences in pruritus, nausea, sedation, hypotension, and motor block comparing the F20 and F100 groups ( Table 2 ) and between the three groups. No patients required treatment for any of these side-effects. There was no difference in maternal satisfaction between the three groups ( Table 2) .
There was no significant differences between the groups with respect to the time from the epidural loading dose to the first PCEA bolus dose being administered (Table 2 and Fig. 3 ). The hazard ratios for needing to press the demand button for an epidural bolus dose were 0.6 (95%CI 0.4-1.05, p = 0.073) for the F100 group compared with the F20 group and 0.9 (95%CI 0.6-1.5, p = 0.69) for the F50 group compared with the F20 group. NPRS, numeric pain rating scale. Five patients developed fetal bradycardia within the first 2 h of the fentanyl bolus dose. This included one patient (2.8%) in the F20 group, three (8.5%) in the F50 group and one (2.8%) in the F100 group. The patient in the F20 group had an emergency caesarean delivery for fetal bradycardia 110 min after the fentanyl bolus. Neonatal Apgar scores in all of these patients were 7 or above at 5 min. There was no difference in the mode of delivery (vaginal, caesarean or forceps), Apgar scores, or successful breastfeeding within 24 h postdelivery among the three groups ( Table 2) .
Discussion
Time to onset of labour analgesia was reduced by 8 min in women receiving 50 lg and 100 lg compared with 20 lg of epidural fentanyl. This 8-min difference is of clinical significance, especially when considering the rapid onset of labour analgesia with combined spinal epidural (CSE) technique or lignocaine as a loading dose [8] [9] [10] . A meta-analysis comparing onset of analgesia with epidural vs. CSE in 285 parturients found the weighted mean difference in onset time was À5.6 min (95%CI À6.6 to À4.6) [8] . Combined spinal epidural is not commonly performed at our institution *Motor block assessed using a modified Bromage score: 0 = ability to move hips, ankles, and knees; 1 = inability to raise extended leg; 2 = inability to flex knee; 3 = inability to flex ankle, foot, or knee. NPRS, numeric rating scale.
as there are concerns about the extra time required to perform it, possible complications from dural puncture, fetal bradycardia and an untested epidural catheter. Lignocaine as a loading dose is also not used because of concerns regarding dense motor block [9] [10] [11] . Our results compare favourably with Bang et al. who had mean (SD) onset times of 14.2 (6.5) for a 50 lg and 8.7 (3.8) min for a 100 lg fentanyl bolus with 10 ml ropivacaine 0.17% [3] . Patients in the F50 and F100 groups took almost twice as long to use the patient demand epidural dose, as compared with the F20 group. Although this difference in time was not statistically significant, we feel that it may be clinically so. There was no difference in maternal side-effects (pruritus, nausea, sedation or hypotension) between the three groups, although a higher incidence of mild pruritus has previously been reported with increasing doses of fentanyl [3] . There was no difference in maternal satisfaction between the three groups despite the faster onset of analgesia. Of note, the time to decrease the initial NPRS by 2 was similar in all three groups, so perhaps this improvement in pain contributed to the similar satisfaction among all three groups.
All five patients who developed fetal bradycardia within the first 2 h of the fentanyl bolus dose had induction of labour with oxytocin which is known to increase the risk. Patients in the F20 and F100 group had atypical FHR noted early in labour but this had not been communicated to the study investigator before patient recruitment. The patient in the F20 group had severe fetal decelerations 110 min after epidural initiation and had emergency caesarean delivery. The neonate was noted to have a nuchal cord around the neck but Apgar score was 9 at 5 min. None of the five patients had any hypotensive episodes. No episodes of fetal bradycardia occurred within the first 30 min of epidural initiation. It is difficult to make any conclusions regarding the effect of fentanyl on fetal bradycardia, because of the use of oxytocin in these patients. Our study was not powered to detect differences in FHR abnormalities and evaluation of these factors was beyond the scope of this study. We are reassured that we found no difference in the mode of delivery, Apgar scores at 1 and 5 min and breastfeeding at 24 h between patients in each of the three groups as also seen in other studies on epidural labour analgesia [4, [12] [13] [14] [15] [16] [17] [18] . Previous studies have suggested that epidural fentanyl may negatively impact breastfeeding, but the results of these studies are controversial due to the presence of many confounding variables and differing methods of evaluation of breastfeeding [19] [20] [21] .
Our study has some limitations. Firstly, we defined the time of onset of analgesia as the time to first contraction with NPRS ≤ 3, which we felt to be clinically relevant. This definition has been used in other similar studies [3, 22] . However, the interval between contractions can be variable among patients and influenced by labour augmentation with oxytocin. We believe that the process of randomisation should reduce the potential confounding effects of differing labour patterns and oxytocin use. A second limitation is that we did not compare ethnicities when analysing patient demographic data. However, our study appears to be the first one performed in a North American population. The study by Bang et al. which demonstrated a faster onset of epidural labour analgesia with increasing fentanyl bolus and ropivacaine was carried out in a population of Asian women, who have a higher allelic frequency of A118G single nucleotide polymorphism of the l opioid receptor [6] . The presence of the A118G allele may confer reduced pain sensitivity and higher opioid requirements which limits the generalisability of their results to other populations [3, 6, 23] . We also did not evaluate ongoing epidural analgesia after time to first demand dose and, therefore, cannot comment about the effect of fentanyl bolus on maintenance analgesia and breakthrough pain. Finally, as our study was performed in patients in early labour with cervical dilation 5 cm or less, our results are only applicable to patients in early labour. In summary, we conclude that the addition of a 50-lg or a 100-lg fentanyl bolus to a low concentration (0.08%) bupivacaine loading dose for labour epidural analgesia reduces the time to onset of analgesia. Further research into the analgesic efficacy of various doses of fentanyl for maintenance analgesia and breakthrough pain is needed.
